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Abstract 
A numerical model describing the diphasic jet of gas/powder issued from a coaxial nozzle used in laser cladding is 
presented. The model is based on the discrete phase model (DPM), and is applied in the case of turbulent fluid flows 
with solid dispersed phase. The study concerns the jet geometrical characteristics (the core zone width), and as 
results, we made evident the importance of the numerical modeling for a better efficiency of laser cladding 
processing in industrial applications.   
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1. Introduction 
Several techniques for rapid prototyping (RP) allow the fabrication of high strength metallic workpieces. Direct 
metal deposition by laser (DMD), or laser engineering net shaping (LENS), using 3D CAD models, are able to 
produce workpieces from materials such as steels or Nickel super-alloys, without intermediate stages [1,2]. The 
process which has as a basic technique the laser cladding by powder injection, uses a high power laser beam focused 
on a metallic substrate to create a liquid zone on the surface, while a metallic powder is injected inside the melt bath 
as shown on figure (1). In order to generate a deposit of metal with a finite width and thickness, the substrate is 
displaced under the deposition head device. The piece geometry is obtained by moving the substrate following the x 
and y directions, and by a displacement of the set composed of the nozzle and the laser beam following the  z 
direction.  By repeating the process layer by layer, complete, and sometimes complex pieces using CAD data, can be 
achieved [3]. There is mainly two kinds of projection nozzle, which can provide a lateral powder feeding (lateral 
injection) or a coaxial powder injection. The lateral nozzles are basically pipes with appropriate diameter and length, 
but a higher efficiency in laser deposition processes has been obtained with the more recently developed coaxial 
nozzles [4].  
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The main feature of this kind of nozzle is the independence of powder feeding with regard to the movement of the 
workpiece, the coaxial projection makes the process omnidirectional and then more easy to use.  
 
Furthermore, a noticeable improvement of the powder efficiency can be obtained, and the coaxial powder feeding 
can be integrated with the optical device of the laser beam. The other advantages are the possibility of powder 
heating control before it enters inside the molten bath. 
                                                                      
Fig. 1. Principle of laser projection by coaxial nozzle 
 
The quality and the efficiency of laser cladding tightly depend on the powder jet structure issued from the nozzle. 
This structure is mainly characterized by the focal point of the jet, the width of the core area, and the radial mass 
concentration inside the jet. The jet parameters measurement is very difficult since complex phenomena occur in 
these kind of turbulent diphasic jets.  
 
2. Modeling 
We develop a simulation of the powder jet issued from a coaxial nozzle by using a computational fluid dynamic 
approach implemented by Fluent CFD software. The Dispersed Turbulence Model model (DTM) can be used in the 
case where there is clearly a primary continuous phase, and a secondary diluted and dispersed one, and as the second 
phase concentration is low, the collisions between particles are neglected. In coaxial powder injection, the metallic 
particles are carried by the gaseous flow, where the carrying gas is considered as a continuous phase, and the 
powder as the dispersed phase.  The powder particle trajectories and the concentration distribution are not calculated 
in the same time, and as a general rule, the hydrodynamic behavior of the gas flux, without the second phase, is 
solved, and the injected dispersed phase is imported inside the flow field.  
The k-İ turbulent flow model is used, and the general transport equation can be written [5, 7] as: 
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The equations that govern the carrying fluid are described in an Eulerian reference frame, whereas a Lagrangian 
coordinates system is used for the dispersed phase as a continuous stream of particles which move through the 
carrying medium. Results concerning the gas speed effect on the jet geometry, the dimensions of the core zone, and 
the radiales and axiales concentrations of the particles are reported.  
 
2.1 Equations governing the continuous phase flow 
 
By using the turbulent flow model k-İ the governing equation are given by:  
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- The mass conservation equation : 
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- The momentum conservation equations following the velocity components (u, v, w):  
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Where Șeff  is the effective viscosity, representing  Ș  the fluid viscosity (laminar) and  Șt  the turbulent viscosity 
given by: 
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- The equation of turbulent kinetic energy production (equation k) 
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Where the terms are replaced in the general equation as: 
  
                 ĳ =k, 
k
t
σ
ηη +=Γ , ρερ −= kGS ,  Gk is the turbulent energy production term [8]. 
- The equation of turbulent energy dissipation (İ equation) 
 
To obtain the İ equation, the terms are replaced in the general equation as: 
                 ĳ= İ,  
k
t
σ
ηη +=Γ , and ( )ρερε 21 cGckS k −= . 
In the two k-İ turbulence model equations, the empirical constants c1, c2, cȝ and  ık are equal to: c1= 1.44,  c2= 1.92, 
cȝ=0.09 and  ık=   1.0 
 
 
2.2 Dynamic equation of the dispersed phase (equation of a particle movement) 
 
A random model is used to track the individual particles movement in a Lagrangian frame, and due to their weak 
concentration in the continuous phase, the collisions between particles are not taken into account. The equation of a 
particle movement in the x direction can be written as: 
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Where up is the x component of the particle velocity vector, and  ux the component following x of the gas speed.  gx 
is the x component of the gravitational acceleration and ȡp the powder density. The FD coefficient is the drag force 
per powder mass unit, it is given by:  
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where dp is the particle diameter, CD the friction coefficient, and Rep the associated Reynolds number given by: 
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The particle trajectory is obtained by solving the equation (8) coupled with the equation of movement:  
 
dt
dxu p =  (11) 
 
The continuity and momentum equations have been discretized by using a second order upwind interpolation 
scheme.  
  
2.3 The boundary conditions and domain meshing   
 
We have reported in figure (2) the boundary conditions for the gas flow and the particle movement. The effect of 
particle injection speed on the particle flux at the nozzle exit has been studied, and it was noticed that there was not 
any difference in the particle velocity profile , because there was enough space inside the nozzle to allow the 
particles to acquire the carrying gas velocity.   
The calculation field, including the nozzle internal volume and the free jet expansion area, was meshed by 10980 
quadratic cells. Tests have been performed to check the non dependence of the results with regard to the meshing 
density, and the result is that at the nozzle exit region, the mesh must be refined.  
 
                                 
 
Fig. 2. Boundary conditions and calculation field mesh 
 
 
3. Résults  
 
Our modeling is performed for a steel workpiece, with powder particles of the same nature. The powder particle 
diameter 60 μm and the feed rate is 0.6 g/s. The velocity of the carrying gas is 1m/s. We present in figures (3-5) 
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some of the results that the powder jet diphasic model can provide.  The individual particle trajectories, the 
dispersed phase density distribution, and the velocity field of the dispersed phase, are reported.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Particle residence time 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Concentration of the discrete phase 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Velocity magnitude of the particles 
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4 . Conclusion 
A discret phase model has been implemented for turbulent fluid flow with a solid dispersed phase. Numerical 
solution of the governing equations was obtained by using the finite volume method, and the study of gas outflow on 
particle concentration, and jet geometry features allowed to make evident the sensitivity of the jet features in regard 
to the operating parameters. The performed work shows the importance of numerical modeling to manage with a 
more efficient approach the laser cladding process. 
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